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Table 12.1 Types of Solutions

State of
Resulting
Component1  Component2  Solution Examples

(as (as Gas Alr

(as Liquid Liquid Soda water (CO; in water)
(as Solid Solid H, gas in palladium

Liguid Liquid Liquid Ethanol in water

Solid Liquid Liquid NaCl in water

Solid Solid Solid Brass (Cu/Zn), solder (Sn/Ph)




Asazauduén (saturated solution)
Uscnauaramiararaniidsuiatunnngain
grusaazangla tudiinazaiadsuna
Uy narnaatnAlinAIKUG

sgrsazana iduan (unsaturated

solution) Usznaumraarazairaidsuia
2NN TUF TN U

gnsazanaduativea (supersaturated
solution) dsznaufrafiazanailsuna
HINANTUAITAZANLD UMD




Ex. shsazanaiahauazadinaduaifiven
(supersaturated solution of sodium acetate)




aunsnsen (Interaction) 3 wuuaasnscuruAISIANANSAZANL:

interaction
interaction
interaction

Solvent Solute

Solution

AH,,,, = AH, + AH, + AH,




ANUSAUADINANSTATANE
(Entalpy of solution)

AH, ., = AH, + AH, + AH,

ﬁ | \ %’g

Allow solute
and solvent
molecules

to mix (AH;)

_ ApE e A, > 0 .
Seliarate \ AUIUNTINMNAITUIAU
solvent )

molecules (AH,)
/

Separate
solute
molecules (AH,)

Enthalpy

Pure
components

AH 1, <0 AHSO'I‘I 0

(Exothermic)

ASUIUAITANLANUSAU




“like dissolves like”

8§13 2 Atianiinsgnvaassudsiaana (/intermolecular
forces) uuuf AU AaunarararudIAuaziu

Tuana‘liiiidn (non-polar molecules) azanaluaiiin

1

azanu'luiida (non-polar solvents) 12tu CCl, 11 C.H,

TuLanaiidn (polar molecules) azanalugniinaraiusi
an(polar solvents) w2y C,H-OH 1u H,0

g1sdsznaulaaaiin (ionic compounds) azaralanlu

favinazanadizn 1y NaCl Tu H,0 vaa NH; (7)




1aladu (I,) azaraladlutuudu (C,Hy)
152 i1 (H,0)

SIIGIEY

KI azaralanluaisuauranssaanlse
(CCl,) visa wautuiizniiad (NH,)

wau Uy Ran



g15azandtatm)ad
(Aqueous solution)

grsazalrandintilugivniazang




AszUIUANSaratdaadasidsenaulaaaiin
(Dissolution process of Ionic compounds)




Quiz 1

229117 A araraluaagtuial B taunmiailiu
ANSUANTUIANAZUINYARILUAN A 1Al 10
kJ/mol wazaaviuial B tmnfiu 20 kJ/mol
waztaumathilialuanazaavaastia?l B 1an
aausaUlulanaAavaadiiial A (Solvation)
winAu 28800 J/mol avuintaumiailaasnis

arand uarnasasaraiiilunuuanausaaa
AU



AU LA UAUADITIIACANE

AUy (Concentration) aavsinsazaia Aa

Usurataavarazanaealdsunaigrvinazanadvsasins

arang 5

sasaziagiiiiiin (Percent by Mass, %w/w)
__ihwiinzasédaraiy . 4gq0

ULz + UU.AdViINarant

% w/w =

— Uu.nawcail x 100%
UU. a9 ¢l

satazinailsuias (Percent by volume, %v/v)

Usurasan avanL)
) = —= 100%
Jov/v 3uasa1sazanil




AU LANAUAAYFISAZ AN

sagazinaulIniin/Usuias (Mass/Volume Percent

UU.AIATANE
% W/V = =————x100%
ow/ Usuasaisazansl

ieidsIuIug (Mole Fraction) (X)

_ AUIUTUAAAIAS A
A ruuiuasruaasasnna Tuasazans




ztnaeusgnsaraied NaOH 2.5 % w/w

Usunan 750 g laatnd'ls
UTNUAUIBINCNE] x 100%

% W/W - Q/ Q/ [
UU.AINCANE + UU.AINIQCAE

7y w Ao uiinuay NaOH

W

2.5 % w/w = X 100%
w + (750-w)
w = 2:5 X 750 = 18.75 g NaOH
100




AU UAUADITNITAZANE
15186 (Molarity) (M)

M - TURUIMINTAE
~ Ansvad@saza) i ) 1
Tuuaadsn (Molality) (m) d X ‘\

TURUAIAIALANE

m = uu@vinaza (kg)




UIAUAUAUBRIHITACRIUNAAINNATS
arana NaOH 2.0 g Tuiia 100 g??

<

W6
TuaUAIMIREANE 2.0/40 mol
BT e — 100/1000 L
= 0.50 M
TULARRG
TURUDIAIRERE 2.0/40 mol
= uu.avinazana (kg) ) 100/1000 kg

= 0.50 m



AU UAUADITNITAZANE
wWasiiaasn (Formality) (F)

F_ TURADINIREANE
- cﬁmma dﬁé) 1I




UIAUAUAUBRIHITACRIUNAAINNATS
arana NaOH 2.0 g Tuiia 100 g??

<

Wasiaas
F_ TURUDIMIAZANE 2.0/40 mol
 AesuavRIRYANY 100/1000 L

= 0.50 F



W luuaadfnavaTazalaasiuaa (GH;OH) 5.86 M
NiANuKuILUus 0.927 g/mL

THR MIATRE TUR AIRTRNE
m = M =
uu.cvinacad (kg) PG RFRERRE

Tusgsazale 1 &as:
las1uan 5.86 1ua = asuaa 270 g
fg15ayana 927 g (1000 mL x 0.927 g/mL)

UU.MIVINAZAE = UU.RITALAL — UU.AIRLAE
=927 g-270g =657 g = 0.657 kg

TUA HIALAIL Las1uaA 5.86 TuA
m = — — 892 m
uu.cvinazane (kg)  envinagana 0.657 kg




AU UAUADITNITAZANE
uasiiads (Normality) (N)

ANUIUFUURUDIMIREANE

 Bunasaasansazans (L)

NuUUY(Equivalent, eq) =, uu. 2aveazad (g)
inUnguyauavnIazant (g)
WINTULRAR
1527
_ 1DATULANA

# H* v5a OH-

iniinauya(Equivalent Weight, eq. wt.)=




uniaMuaduAu (N) 2asd1sazarauavsdns
ararunsaluaan HNO; 7.88 g Tusns
azalay 1 ans??

<

eq

N= -
Usurassnsazana (L)

uu. (g) 7.88 g

““-_(9) waATuana 63
eq. wt. #H+ B 1
vsoln(L) vsoln(L) 1L

N=0.125N



AMULIAUAUBDIFITASRELU[AIIUAN
niacasauUlsSuatvagun
(Trace level)

gautuarusdriu (Parts per Million) (ppm)

1 g ;mazans
1,000,000 g &sacans:

1 ppm =

1 mg/kg »3a 1 mg/L

1 ppm



AU UARYEISaAcAULRAIIUIN
WlasacaeBinaniagun
(Trace level)

sautunularusgriu (Parts per Billion) (ppb)

1 g ;mazans

1 ppb =
PP 1x10° g #sazans

1ppb =1 Pg/kg 3a 1 Pg/L



AU UARYEISacA1ULRAIIUIN
wlasasaeBinaniagun
(Trace level)

sruludaruarudru (Parts per Trillion) (ppt)

1 g aazans

1 ppt =
PP 1 x 10" g a1sazans

1 ppt = 1 ng/kg ¥3a 1 ng/L



U maang 0.0250/142= 1.761 x 10-*

ang2av 2.2A21é WinAuaNuiuduniivul
iy ppm 2av

g1sazana Na,S0O, vaiuau 1.761 x 104 F
(Formular Weight 212y Na,S0, =142)

TUAAAIANATANE
F = ppm = mg/kg

A5 d15aAY AN

w/142 mol
1.761 x 104 F = / m

w=142x1.761 x 104= 0.0250 g

0.0250g _ 25mg _
1L 1L 25 ppm



azanel NaCl 234 mg tuiia 250
mL ghsararjadarnunuinyu
1.002 g/mL asunaududuua
grsararaTuniulaniy 9 aa'ldi
0o w/w
0o w/v

5 eMolar (M)
ALY eMolal (m)
eFormal (F)
eNormal (N)
‘PPm
*Xnaci



aalunNd uazaninazana'la(Solubility)

andnanavaaniisasgnnacalg’lauasuasdd

¥ g ®
~
~
1
e
=11]
)
=
'
-
o
—
=
p—
=
&%
=)
—
-
ft—
"=
=1
=
w

Temperature (°C)




A1snnHan (Fractional crystallization) Aaansuen
f1INFUDANNAAULA LA UFAINAZRE LANAIIAU

90 g KNO,
WauAu 10 g NaCl.
112 g/100 g H,O
l Fractional crystallization:

azaruuavwanluii 100
mL # 60°C
rdsazaralitduin 0°C
NaCl Mivniuaazazaiuagiu

38 ¢/100 g H,0 g1sazaiy (s =
34.2g/100g)

34.2 ¢/100 g Hy0 KNO; ussgnbd 78 g azen
WAN
<— 12.1 g/100 g H,0

(s =12 g/1009).
20 40 60 90g—12g=78g

Temperature (°C)
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ANUAYU LAZTEAINAZANL LAADILA S

ganaralglaaavnAadiuaadtviadaziilulfniaiag
ASINLANUAUADIUAHUY
daifluldarunnuaviaus (Henry’s law).

C

kP

¢ Aamuau2u (M) aaguAsitusgisazans

P @amnusauaasuisdiiidasgisarang

k damaan (mol/Leatm) Nauduaaiuindl




guiifinaadtnanaasdIsaraialuiilses
Colligative Properties of Nonelectrolyte Solutions

Auiiginaadindaw fa IULANAUALINUIUAAIAIAZAN LN
TNAUAUAUaARIRIAZANE

audulaanei (Vapor-Pressure Lowering)

_ 0 0 = arusulazassrvinasaraudana
P =X P 1 "

AN2DIYTIARV )(1 LA RIUTNAADIAIVINALAIE
Raoult’s law

A 1TazaadfIaza LN aIANALALN:
X =1-X

P?-P =0AP=XP} X, = wrdiuluanadsfiazand
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300 Ideal Solution

PT = Phcnzcnc + Plnlucnc

Ideal Solutign’,/
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Pr 1nnnI P, iiaginan
P onunnuadsiaaii P; onunnaassiaan

Force Force & Force Force Force 2 Force
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i@3avilanduaidusdiu
Fractional Distillation Apparatus

Thermomelter

Condenser

4

I Adapter

Water /‘

Water

Fractionating column [ (S I [ -

Receiving flask

Wononesnarinsnvianie®] —

L

-j Distilling flask

Heater
-
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antfiaaiudiy (Boiling-Point Elevation)
AT, =T, — Ty

TP daaifianaaséinmg
QATANUUIHAND

T, Aa IaLfianAI&[S
azang

I,>Ty AT,>0

| —

g
{3
—
—
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L
=
=
7
7
2
a.

Vapor

\ Temperature / \

Freezing Freezing Boiling  Boiling
point of  point of point of  point o
solution water water solution

m aa LA ANUAIINIaZANE

K, da A1AsNNIStANLIUY
Aavntfiaa (molal
boiling-point elevation
constant) (°C/m




Aatiianulivanay (Freezing-Point Depression)
AT, =T} - T

7% da aaidanudnas

drvinaranausgnsg
T: fAa yardanudyuas
g15azand

T9>T. AT,>0

| —

g
{3
—
—
—

2
=
7
7
2
a.

Vapor

AT A e AT; = K m
/ \ Temperature / \

Freezing Freezing Boiling  Boiling

| 2 . . m @a TuunaadfuavaIsazand
point of  point of point of  pointo

solution water water solution

K fa A1AITINNTanRINAIAN
\Eianudve (molal freezing-point
depression constant) (°C/m)
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Table 12.2 Molal Boiling-Point Elevation and Freezing-Point
Depression Constants of Several Common Liquids

Normal Freezing K; Normal Boiling K,
Solvent Point (°C)* (°C/m)  Point (°C)* (°C/m)

Water 0 1.86 100 0.52
Benzene 90 5.12 80.1 2.53
Ethanol -117.3 1.99 184 1.22

Acetic acid 16.6 3.90 117.9 2.93
Cyclohexane 6.6

* Measured at 1 atm,




AvaLEIanwdvaavsIsaranLtasaulnanaa
(antifreeze) 478 g 1uiin 3202 g Avualiiuna
Tumanauavtasadaulnanaa 62.01 g/ mol

<

AT, =Km Ki=1.86°C/m

1 mol
478 g x
A éaraid g 62.01¢g

m = = =241 m
uu.avinarana (kg) 3.202 kg solvent

AT, = K, m=1.86°C/mx 2.41 m= 4.48 °C
AT,=T% - T
T.=TY —AT. =0.00°C—4.48 °C = -4.48 °C



aNnuduaasiugn (Osmotic Pressure) (11)

aasdluds (Osmosis) -
Aa dsnngnisainuanazavdidiinazaltanaaun
WAULEIAUNYANINAITazaA A LU Eiva1sazanan
HAMULAUAUUNINAANIN

leiauny (semipermeable membrane)
gaulinuananlvinazaraniule ue'luaauln
TURNAAAIRAIRZANLNIY

aNuauaasgiusn (Osmotic pressure (1))
AanNuaunin TiiaadTudsuan




aNUaUaagluan (Osmotic Pressure
aastudsa (Osmosis)

anuauaasgiusgn (Osmotic pressure (T0))

i SmMotic
Semipermeable Osmc
. pressure
membrane

more
concentrated




AU U TIUAAN - Osmotic Pressure

Net transfer of solvent

rlign
)

M Ao iyaﬁmzlaamsazmﬂ ANSNARAVADIIUVIaN
R A2 ANAINADIHAE (Van't Hoff)
T aa aan1ind (K)




g19azang AU 1ias

© Water molecules
Solute molecules

g19azand A15a~ansl g19azand
1atainaiin ©a1dnadn 1adanaiin

iIsotonic hypotonic hypertonic

solution solution solution




guiifnaadtnanaasdIsaraialuiilses
Colligative Properties of Nonelectrolyte Solutions

Vapor-Pressure Lowering P, = X; P),

Boiling-Point Elevation AT, = K, m

Freezing-Point Depression A7T. = K m

Osmotic Pressure (1) IT = MRT




guilifnaadtnanaasgIsararaniidseq
Colligative Properties of Electrolyte Solutions

g1sazane NaCl 0.1 m

12aau Nat 0.1 m & 1aaau Cl- 0.1 m

duilainaadinan fa SULANAVALITUIUAAY
Alrazaratmiuu luauAuaiiaaavaIazangl




g15azana NaCl 0.1 m— 0.2 maaaulusinsazans




Autifmaadtndinuavasazalranidlsea
Colligative Properties of Electrolyte Solutions

AUIUAUAATUFITAZANLUAIINNRANRD

van't Hoff factor (i) = : ” . ”
AMUIUAAIAIQACQANENAULO NN

/i should be

nonelectrolytes 1 |
NaCl 2

CaCl, 3




guiifnaadtnanaasdIsararaniidseq

Boiling-Point Elevation AT, =T K, m
Freezing-Point Depression A7: = 7/ Kk m

Osmotic Pressure () = IMRT

Table 12.3 The van’'t Hoff Factor
of 0.0500 M Electrolyte Solutions at 25°C

Electrolyte i (Measured) i (Calculated)

Sucrose® 1.0 1.0
HCI 1.9 2.0
NacCl 1.9 2.0
MgSO, 1.3 2.0
MgCl, 2.7 3.0
FeCl; 3.4 4.0

* Sucrose is a nonelectrolyte. It is listed here for comparison only.



AN5LAGR laaauamIu(Ion pair)




ANSAZANLAAIANS TUAAI LI QIS AI2A L6
NliazaradyAauLazA
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P

(Law of partition)

ANSANAMIUAIVNIAZANE
(Solvent Extraction)




aaaaaua (colloid) Aa nNsnszaneIAA
auNIAAAIAITA VALK TUGINAIYAN
AUA 1KUY

AARAAAUAALFITRAZANE

e aunInmaaaaus (collodial particles)
Tuainl6azane

o~ Go P-4 Go
e AmAAAAURLIUGNSIUANAY sgsazanatilu
1 =
S15L1UaLA e




Table 12.4 Types of Colloids

Dispersing
Medium

Dispersed
Phase

Name

Example

Gas
Gas
Liquid
Liquid

Liguid
Solid
Gas
Liquid
Solid
Gas
Liguid
Solid

Aerosol
Aerosol
Foam
Emulsion
Sol

Foam
Gel

Solid sol

Fog, mist

Smoke

Whipped cream
Mayonnaise

Milk of magnesia
Plastic foams
Jelly, butter

Certain alloys (steel),
gemstones (glass with
dispersed metal)




isangarsainuuaas (Tyndall effect

AN3N3ZANLILLE
(Scattering of light)




LEAISAIN2ADIAAAAALIG

1. w@aastugitag

2. Ll daasIaYINN&g192U

2.1 fignsavilasdiv (Emulsifying agent)

2.2 Aaalaaanaadiuliaaau




na'lnn1svinANUSraNa AL

CH, CH, CH, CH,
SO N S s
CH, CH, CH, CH,

Sodium stearate (C7H;5COO Na*)

(a)

/\/\/\/\/\/\/\/\/o/ B

Hydrophobic tail




ANSUENAUANAAAARALIG

1. atanins a2 (Electrophoresis)




H ANSLNY “

1in&@s A 40 g azanaiih 200 g (15 A 1
A TUL) Aviintinniinlutanauagsans A
(K, 212911 = 0.52°C/m) 1iia

4dxx xxxx(raza) xx
g1sazaruiianttian 102.08°C

4xx xxxx(taafn) xx
dg1sazarafiaaifian 103.12°C
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